Background: The purpose of this systematic review and meta-analysis of randomized controlled trials (RCTs) was to evaluate the efficacy and safety of combined topical with intravenous tranexamic acid (TXA) versus topical, intravenous TXA alone or control for reducing blood loss after a total knee arthroplasty (TKA).
Introduction
Total knee arthroplasty (TKA) is now an excellent surgical procedure for patients with end-stage osteoarthritis or rheumatoid arthritis, consisting of replacing diseased or damaged knee joint surfaces to relieve the pain and disability of patients. Indeed, the number of primary TKR procedures will be reached at 3.48 million in 2030 in the United States and the number will be as 8-fold to the year of 2005. [1] A large amount of blood loss and subsequent blood transfusion is one of the complications around TKA. [2] It is reported that patients who underwent TKA may result in blood loss range from 1450 mL to 1790 mL. [3, 4] The current surgical technique in total knee arthroplasty (TKA) usually includes the use of a tourniquet, prevents intraoperative bleeding but not substantial postoperative blood loss. One of the main problems with TKA is the need for blood transfusion (BT) in some patients. Blood transfusion is considered undesirable since it is associated with the risk of immunological reaction, disease transmission, and large economic costs. [5] [6] [7] Blood loss control with tranexamic acid (TXA) may be a preferable alternative. The main mechanism of TXA is competitively blocking the lysine binding sites of plasminogen. Many randomized controlled trials and metaanalysis have been identified the efficacy of TXA in TKA over a range of dose regimens without increasing the occurrence of deep venous thrombosis (DVT). [8] There are different administration route of TXA for TKA and all of those have been identified efficient and have not reach consistent. [9] Intravenous TXA of 1 to 3 dose was found to be the appropriate dose for the beneficial bloodsaving effect and without increasing the occurrence of DVT. To reduce the potential risk of thromboembolic complications and extended the effect of TXA postoperatively, the topical administration TXA including intra-articular and infusion TXA was evaluated in previous studies and with notable clinical relevant effect compared with intravenous. [10] In addition, topical TXA could reduce the postoperative swelling and thus the pain which caused by swelling can reducing.
Recently, an extended administration TXA by combined topical with intravenous have been investigated; however, there is no consistent conclusion about the different route administration TXA. What's more, no strong evidence has been obtained from large RCTs evaluating combined topical with intravenous TXA for reducing blood loss after TKA. Thus, a meta-analysis was conducted to further analyses the efficacy and safety of combined topical with intravenous TXA versus topical, intravenous TXA alone or control for reducing blood loss, need for transfusion and the occurrence of DVT for patients for TKA.
Material and methods
This review is registered in Protocol registration: PROSPERO 2016: CRD42016043244.
Literature research
The electronic databases as follows were searched: PubMed, Embase, Cochrane Library, Web of Science and Chinese Wanfang database from inception to May 2016. The search strategies were performed using exploded medical subject headings, and the appropriate corresponding terms including "tranexamic acid," "total knee replacement," "total knee arthroplasty," "TKA," "TKR," and "Arthroplasty, Replacement, Knee [Mesh] ." The searches were limited to human subjects, and no language restriction was limited. The references of relevant reviews and included studies were also checked manually to identify additional potentially eligible studies. This is a systematic review and meta-analysis that collected data from published papers; thus, no ethics approval was not necessary.
Study selection
Two investigators executed the literature search independently, removed the duplicate records, screened the titles and abstracts for relevance, and tagged the articles as included, excluded, or requiring further assessment. Published RCTs meeting the following criteria were included: adult patients with unilateral or bilateral TKA; intervention including combined intravenous TXA with topical TXA; the control group including topical, intravenous TXA alone, and no TXA; outcomes including one of the follows: total blood loss, need for transfusion, and occurrence of DVT. Inclusion studies have no limitation on language and publication years. TXA, a synthetic antifibrinolytic agent, can competitively bind to the lysine binding sites of plasminogen and thus the blood loss can be decreased. [11] TXA can be administrated by several routes including topical, intravenous, oral, and intramuscular. [12] TXA can take about 2 hours for oral, 30 minutes for intramuscular, and 5 to 15 minutes for intravenous to achieve the maximum plasma concentration. [13, 14] Thus, the best suitable method for rapidly increasing the therapeutic concentration of TXA is by the intravenous route. In previous studies, both intravenous and topical administration TXA can decrease total blood loss and blood loss in drainage without increasing the occurrence of DVT after TKA. [15] [16] [17] It has been reported that intravenous administration TXA can only decrease the external blood loss but not the hidden blood loss due to the application of tourniquet in a TKA, and this may increase the hidden blood loss due to the aggravation of local fibrinolytic activity. Through the topical administration TXA before wound closure, TXA can be rapidly absorbed and maintain a biological half-time of ∼3 hours in the joint cavity. [4] In addition, the topical administration TXA can decrease the blood concentration of TXA and lower the occurrence of DVT.
Data extraction and outcome measures
The following information was extracted from each study and recorded in a prepared sheet: first author, year of publication, number of patients, dose of TXA for topical and intravenous, the route to administrated TXA, whether drainage was applied, transfusion criteria, type of prosthesis, and the postoperative thromboprophylaxis. The outcomes: total blood loss, need for transfusion, and the occurrence of DVT were also extracted from the included studies. Extracted data were entered into a pregenerated standard Microsoft Excel (Microsoft Corporation, Redmond, WA) file. The length of follow up in each studies were also recorded. Data extraction was performed by one author and then checked by another. If the paper does not describe the mean value or standard deviation value, an E-mail was sent to obtain the original data. Any disagreement was resolved by discussion and consensus. The efficacy of TXA was measured by the total blood loss and need for transfusion. If the postoperative blood loss was better controlled, the total blood loss decreased. The most concern problem of TXA is the occurrence of DVT.
Assessment for the risk of bias
The Cochrane risk of bias tool was used to appraise the risk of bias. Two investigators independently reviewed all studies and graded the risk as "high," "low," or "unclear" in the following categories: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and baseline imbalance. Trials with a high risk of bias for any 1 or more key domains were considered to be at a high risk of bias, whereas trials with a low risk of bias for all key domains were considered to be at a low risk of bias. Otherwise, they were considered to be at unclear risk of bias. All discrepancies were resolved by consensus. The risk bias for the included studies is drawn by the software of RevMan 5.30 software (The Cochrane Collaboration, Oxford, UK).
Statistical analysis
Relative risks (RRs) with 95% confidence intervals (CIs) were estimated for dichotomous outcomes (the occurrence of DVT and need for transfusion), and mean differences (MD) with 95% CIs for continuous outcomes (total blood loss). The results were considered statistically significant if the P < 0.05 level or 95% CI did not include 1.00. A random-effects model was used regardless of heterogeneity. Heterogeneity was reported using the I 2 statistic; a value of 0% indicated no heterogeneity and over 50% indicated significant heterogeneity. Results were considered as statistically significant if P < 0.05. Funnel plots were created to determine the presence of publication bias, and a sensitivity analysis was conducted if there is large heterogeneity between the included studies. If the sensitivity analysis cannot seek out the source of heterogeneity, then the subgroup analysis was conducted according to the dose of TXA. All statistical analyses were done using Stata 12.0 (Stata Corp., College Station, TX).
Results

Search results and risk bias
The selection of relevant literatures for this meta-analysis is summarized in the flow diagram. Some 13 studies with a total of 1224 patients (605 TXA, 619 control) were finally included in this meta-analysis. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Study baseline characteristics are presented in Table 1 . All studies were published between 2014 and 2016, and the sample size ranged from 20 to 73. The mean age of patients in each study was from 63 to 70.7 years. Two studies compared combined TXA with control, topical, and intravenous TXA. [21, 24] Topical administration TXA including directly injected into the joint or through injected into the drain tube. Details of the risk of bias for included RCTs are presented in Figs. 1 and 2 . Seven studies give a detailed description of the random sequence generation, [18, [20] [21] [22] 24, 26, 27, 30] and 5 trials perform the allocation concealment. [18, 19, 22, 26, 30] TXA is an anti-fibrinolytic agent, and the efficacy of TXA was tested by the total blood loss and patients' need for transfusion. The antifibrinolytic agents have the potential to increase the occurrence of DVT; thus, the safety of TXA was measured by the occurrence of DVT. The application of topical administration Table 1 The general characteristic of the included studies. TXA in some trials was through drainage and clamp for several hours to make TXA directly uptake in the joint cavity.
A total of 7 trials [20] [21] [22] 24, 26, 27, 30] with 1110 patients perform the total blood loss after TKA, and 7 studies [20] [21] [22] 24, 26, 27, 30] compared the combined topical TXA with intravenous TXA with control, 3 studies [19, 21, 28] compared the combined topical TXA with intravenous TXA with intravenous TXA, and 3 studies [18, 21, 24] compared the combined TXA with the topical administration TXA. The pooled meta-analysis indicated that the combined topical TXA with intravenous TXA can reduce the total blood loss compared with placebo with a mean of 458.66 mL and the difference is statistically significant (MD = À458.66, 95% CI: À655.40 to 261.91, P < 0.001, Fig. 3) . A random-model was performed as there is a large heterogeneity between the studies (I 2 = 94.9%, P < 0.001). Three trials [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] with 370 patients reported the data of total blood loss between the combined TXA versus intravenous TXA, and since there is a large heterogeneity between the studies (I 2 = 97.9%, P < 0.001, Fig. 3) , a random-model was adopted and the pooled results indicated that the combined administrated TXA can decrease the total blood loss; the difference is statistically significant (MD = À554.03, 95% CI: À1066.21 to À41.85, P = 0.034, Fig. 3) .
A total of 3 trials [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] with 167 patients compared the combined TXA versus the topical administration TXA, and the pooled meta-analysis indicated that the combined TXA can decrease the amount of total blood loss with 107.65 mL; the difference is statistically significant (MD = À107.65, 95% CI: À525.55 to À239.91, P = 0.001, Fig. 3) .
Since there is a large heterogeneity between the studies, the sensitivity analysis was conducted to seek out the source of heterogeneity, and the results are presented in Fig. 4 . There is no studies stride the critical line. Publication bias was tested by the funnel plot and the results indicated that there is publication bias between the studies. The P value drawn from Begg's test is below 0.05, which indicates that there is a large heterogeneity between the included studies (Figs. 5 and 6 ). The subgroup analysis was conducted based on the dose of intravenous TXA (the high dose is >1 g and the low dose is <1 g). The results show that the intravenous high dose TXA can obtain better blood loss control than the low dose TXA (Table 2) .
A total of 9 [18] [19] [20] [21] [22] 24, [26] [27] [28] studies perform the data of the need for transfusion after TKA and pooled results indicated that combined topical with intravenous TXA can decrease the need for transfusion (RR = 0.34, 95% CI: 0.23-0.50, P < 0.001, Fig. 7 ). Compared with intravenous TXA, combined topical with intravenous TXA can decrease the need for transfusion (RR = 0.76, 95% CI: 0.52-1.11, P = 0.151, Fig. 7) . Compared with the topical administration TXA, combined topical with intravenous TXA can decrease the need for transfusion (RR = 0.47, 95% CI: 0.18-1.27, P = 0.136, Fig. 7) .
There was no significant difference between the combined topical with intravenous TXA with topical, intravenous, and control group (P > 0.05, Fig. 8 ).
Discussion
This is the first systematic review and meta-analysis to compare the efficacy and safety of combined topical with intravenous TXA in TKA. It is well established that patients undergoing TKA are at risk of blood loss and blood transfusion. [31] The reason is that blood loss cause not only direct tissue damage but also the activation of local fibrinolysis caused by surgical trauma and the application of tourniquet. [32] The use of tourniquet can prevent blood loss intraoperative but not substantial postoperative blood loss. The results of this meta-analysis indicated that combined topical with intravenous administration TXA can decrease total blood loss and blood transfusion to an extreme compared with intravenous TXA, topical TXA, and control group. Since fibrinolytic activation is an enzymatic cascade process, it is easily inhibited in the early stages. The opportunity to intravenous TXA is usually at 15 minutes before surgery, and thus, it can reach peak plasma concentration at tourniquet release. On the one hand, the sample in each study is small and there is still need for high-quality RCTs to further identify. On the other hand, the transfusion criteria in each study are different.
As for DVT, there is no significant difference between the combined topical with intravenous TXA group with topical TXA or intravenous TXA group. Many studies have been identified that there is no significant difference between intravenous TXA with control group in terms of the occurrence of DVT. Those trials focused on the patients with no thrombosis history and with Figure 7 . Forest plot comparing the combined TXA for need for transfusion with topical or intravenous or control group. TXA = tranexamic acid.
Lin et al. Medicine (2016) 95:51 Medicine no long-term follow up. The topical administration TXA have been also identified to not increase the occurrence of DVT. It is widely accepted that TXA does not inhibit fibrinolytic activity in the normal vein wall, and the real impact on the disrupted endothelium remains unknown. [33] There were several limitations in this meta-analysis: (1) only 13 RCTs were included, and the sample sizes in each trial were not large enough, which affects the final results; (2) the duration of follow-up in some studies was unclear, and long-term follow-up was needed for this analysis; (3) the publication bias that existed in the meta-analysis influenced the results; (4) the dose and the method of TXA administration differ among the included trials, which affects the final conclusion; and (5) the heterogeneity among the studies will also affect the final conclusion, although we tried to use the subgroup analysis to solve it.
In conclusion, based on the current meta-analysis, combined topical with TXA can decrease the total blood loss compared with topical or intravenous TXA without increasing the occurrence of DVT. However, there is no significant difference between combined topical with intravenous TXA with topical or intravenous TXA. Thus, more high-quality RCTs are needed to identify the clinical value of combined topical with intravenous TXA in TKA.
